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Section A. Materials / General Methods / Instrumentation
All reagents were purchased from commercial suppliers (Aldrich or Fisher) and used without further purification. UV/Vis/NIR absorbance spectra were recorded using a UV-3600 Shimadzu spectrophotometer. Nuclear magnetic resonance (NMR) spectra were recorded on a
BrukerAvance 500 spectrometer, with working frequency of 500 MHz. Chemical shifts are reported in ppm relative to the signals corresponding to the residual non-deuterated solvents (CD 3 CN: δ H = 1.94 ppm and δ C = 118.36 ppm). HC•7PF 6 was synthesized as reported S1 previously and purified using preparative reverse-phase high-performance liquid chromatography (RP-HPLC) on a C 18 column employing a binary solvent system (MeCN and H 2 O with 0.1% CF 3 CO 2 H). Further purification of HC•7PF 6 was carried out, if required, by employing a 2% NH 4 PF 6 in Me 2 CO mobile phase on a preparative thin-layer chromatography (TLC) silica stationary phase (20 x 20, 1500 microns) obtained from Analtech, Inc.
Visible/near-infrared femtosecond transient absorption spectroscopy was performed on an instrument described in detail elsewhere. S2 Briefly, the 827 nm fundamental output of a commercial Ti:sapphire laser system (Tsunami oscillator / Spitfire amplifier, Spectra-Physics) split into a pump and a probe beam. For the 275 nm pump, a third-harmonic generator (THG) was constructed by first using a 1:2 telescope to reduce the diameter of the fundamental to ~1.5 mm and then frequency-doubling in a lithium triborate (LBO, θ = 90°, ϕ = 31.7°, 1 mm) crystal.
The fundamental and the second harmonic at 414 nm were separated using a 400 nm highreflecting mirror (high transmission at 800 nm). The transmitted fundamental was directed through a waveplate to rotate its polarization to be parallel to the 414 nm beam. Each beam was made to travel the same optical length: the second harmonic was directed onto a manual delay stage to match the transit times of the two beams prior to recombination. The beams were recombined with an 800 nm high-reflecting mirror (high transmission at 400 nm) and together directed into a sum-frequency generating -barium borate crystal (BBO, θ = 40.5, ϕ = 0). The generated third harmonic at 275 nm was isolated using multiple 266 nm high-reflecting mirrors.
For the visible (535 nm) pump, the THG is bypassed and the majority of the laser fundamental is instead frequency doubled to 414 nm (~150 μJ/pulse) and used to pump a seeded, two-stage, S4 laboratory-constructed optical parametric amplifier (OPA). The 535 nm signal beam was isolated as the pump. In either case, the pump beam is routed through an optomechanical chopper operating at 500 Hz. Pump and probe beams were polarized to 54.7º relative to each other to suppress the effects of rotational dynamics.
Transient absorption signals were detected using a customized Helios system (Ultrafast Systems, LLC). As a result of the large group-velocity mismatch (GVM) between the ultraviolet pump and continuum probe in the 2 mm quartz cuvettes, the time resolution of the instrument is limited to ~1 ps, obscuring dynamics in the earliest times; S3 no attempt has been made, however, at inferring anything during this time range in these experiments. Samples were stirred during the measurement to reduce the effects of local heating by the ultraviolet pump. The pulse energy of the 275 nm pump was reduced to ~200-300 nJ/pulse in order to avoid photoionization of the solvent and the production of solvated electrons.
S4
Transient absorption data were first corrected for scattered light and group delay dispersion (GDD, or "chirp") using Surface Xplorer Pro 2.2.3 (Ultrafast Systems, LLC). Global fitting was accomplished in Surface Xplorer by fitting the (at most three) principle components determined using Singular Value Decomposition (SVD) to a sum of exponentials convoluted with a Gaussian instrument response function.
EPR Measurements at X-band (9.5 GHz) were carried out at room temperature using a Bruker Elexsys E580-X EPR spectrometer outfitted with a variable Q dielectric resonator (ER-4118X-MD5-W1). After the structure of HC•8SbF 6 had been confirmed by X-ray diffraction analysis, the single crystals were loaded into quartz 1.4 mm tubes and sealed with a clear ridged UV doming epoxy (IllumaBond 60-7160RCL). All samples were used immediately after preparation. Steady-state CW EPR spectra were measured at X-band using 2 mW microwave 145.5, 141.9, 138.8, 137.0, 131.5, 130.9, 126.9, 121.2, 65.7, 64 .0.
Section C. Crystallographic Characterization
All crystallographic data are available free of charge from the Cambridge Crystallographic Data
Centre ( 
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2) Femtosecond Transient Absorption Spectroscopy a) HC•7PF 6
Although samples were stirred, and excited at low power to avoid accumulation of photogenerated decomposition products, some byproducts may be accumulating that absorb on the blue edge. Electron transfer after excitation at 275 nm ( Figure S3a ) appears to occur within ~8 ps, according to the global fit, with the initially populated component (black) resembling the spectrum of MV*
2+
, followed by blue-shifting to generate a spectrum (red) more similar to the viologen radical cation. The charges then recombine ( Figure S3b ) in 95 ± 2 ps. The fact that the absorption maximum beyond 500 nm occurs at 611 nm, in combination with the similarity of the spectral lineshapes, suggests that HC 7+ follows a similar electron-transfer pathway (Figure 4) as HC
8+
. Excitation at 535 nm ( Figure S3c) , however, generates a broader absorption band that blue-shifts to 611 nm in ~2 ps ( Figure S3d ), a transition which suggests that the initial irradiation excites the unpaired electron that resides in the SOMO leading to gradual charge recombination 
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Samples (i.e., CBPQT•4PF 6 ) were stirred, and excited ( Figure S4a ) at low power to avoid accumulation of photo-generated decomposition products. Global analysis ( Figure S4b) shows that within ~4 ps of the excitation, the first principle spectrum (black curve) shows a fast decay of the features near ~750 nm and a rise of those near ~600 nm, ultimately resulting in a shift in the transient absorption spectrum. We attribute this ~4 ps shift to charge separation, where an electron on one of the paraphenylene rings is transferred to one of the viologen subunits in
CBPQT 4+
. At times > 5 ps ( Figure S4b , red principle spectrum), the spectra all strongly resemble that of the viologen radical cation, i.e., absorption at 611 nm, along with similar vibronic character on the red side. The charges subsequently recombine in ~135 ps on a similar timescale as HC•8SbF 6 . All of the charge separation and recombination timescales for
CBPQT
4+
, HC
7+
, and HC 8+ are summarized in Table S1 , where the time constants are taken as the average of the values extracted from the fits and errors as the standard deviation over multiple experiments. Excitation of MV 2+ (π-π* transition) at 275 nm leads ( Figure S4c ) to the S 1 -S n * transition (populating the S 1 state), which ultimately decays biexponentially (33 ± 6 ps, 870 ± 25 ps). The longer ~870 ps component ( Figure S4d ) is more likely the radiative decay time. The shorter component is presumably a consequence of vibrational cooling or possibly an artifact of the S11 instrument as a consequence of imperfect relative polarization of the pump and probe. It is important to note that the maximum absorption wavelength for this transition is red-shifted to 687 nm and the spectral line shape is much broader than the maximum absorption band observed for HC 8+ (Figure 4) , HC 7+ ( Figure S3a) , and CBPQT 4+ ( Figure S4a) . Moreover, the relaxation time is nearly an order of magnitude longer than those electron-transfer processes, an indication which supports the mechanism of electron transfer initiating from the paraphenylene rings in
HC 8+
7+
, and CBPQT 4+ , and not from one of the viologen subunits.
2) Electron Paramagnetic Resonance Spectroscopic Analysis of HC•8SbF 6
Solid-state electron paramagnetic resonance (EPR) spectroscopic analysis was carried out ( Figure S5 ) on single crystals of HC•8SbF 6 in order to confirm complete oxidation to the octacationic redox state. The absence of a strong signal in this EPR analysis corroborates the data obtained by X-ray diffraction and also by NMR and UV/Vis/NIR spectroscopies. Figure S5 . Solid-state EPR spectrum of HC•8SbF 6 single crystals. , and MV + were optimized at the level of M06 S7 /6-31G** in the Poisson-Boltzmann solvation model S8 for acetonitrile (ɛ=37.5 and R 0 = 2.18 Å) with Jaguar 7.7 S9 . Based on these geometries, we calculated vertical absorption energies with the time-dependent DFT (TD-DFT) method at the BLYP S10,S11 /6-31G level with long range correction S12 carried out by GAMESS. S13 For closed-shell species, we used the polarizable continuum model S14 (PCM) with the same acetonitrile radius and dielectric constant to determine the solvation effect. The transitions with oscillator strength greater than 0.01 are listed in Table   S2 while the corresponding orbitals for HC
S12
Section E. Theoretical Calculations
8+
7+
, CBPQT 4+ and MV 2+ are given in Figure   S6 , S7, S8 and S9, respectively. In HC
8+
, the HOMO ( Figure S6) ) plays a small role in the excitations of interest in this investigation (see Table S2 ), but only marginally satisfied for MV*
2+
, 
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The second lowest energy absorption (Figure 2c ) of HC 7+ corresponds to two symmetry-allowed transitions at 458 and 456 nm of the up-spin HOMO to a linear combination of the π-π* transition on two viologens. We assign this π-π* transition mode to the 600 nm peak in absorption spectrum of HC* 8+ (Figure 3) , which is also observed at 524 nm for CBPQT 3+ and 508 nm for MV + with similar orbital nodal structures and energies, as shown in Figure S8 and S9, respectively. Experimentally, the pump-probe spectra ( Figure S4c ) of MV 2+ in the region of 500-700 nm is substantially different than the spectra of CBPQT 4+ ( Figure S4a ) and HC
8+
( Figure 3) . This difference can be explained from the fact that the extra electron comes from MO49 ( Figure S9 ) of the same viologen unit in MV
2+
, which changes the electronic Hamiltonian much more than in the case of CBPQT 4+ and HC
8+
, where the extra electron comes from one of the nearby paraphenylene rings (see orbital depictions in Figures S8 and S6 , respectively). Figure S9 . Orbital depictions of MV + .
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The third lowest energy absorption (Figure 2c ) of HC 7+ corresponds to two symmetry-allowed transitions of the down spin HOMO, to a linear combination of the other π-π* transition mode on two viologens, both at 374nm, which can be more clearly seen in Figure S8 and S9. We assign this transition to the 400nm peak in absorption spectra of HC* 8+ (Figure 3) , CBPQT*
4+
( Figure S4a ) and possibly MV* 2+ ( Figure S4c ).
All of the vertical absorption energies and the corresponding oscillator strengths are summarized in Table S2 .
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